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a r e a ,  p a r t i c v l a r l g  when t h e  rv6der  was f r e e .  A t  ?mall 
ang le s  o f  e i c e s l i p ,  hoaever, the moneilts caused by 
a ~ y ~ r r ; e t r i c  pcwer were more r eadf ly  t r  m e d  by  defLecting 
t h e  rcldders o f  t?ie tw2n t a i l .  t h a n  by deflecting t h e  
r a d d e r  o f  a Pingle  t a l l .  

T h e  trimming e f f e c t i v e n e F s  c~f t<iie vertical t a i l  i n-  
c r e a s e d  almoet d l r e c t l 3  w i t h  v e r t i c a l - t a i l  a r e a  b u t  i n -  
creaser? a t  a deciaeasing rate with ruddcr d e f l e c t i o n  ar,d 
chord. 

When the  ruddcr  was free, t h e  a d d i t i o n  o f  d2rsal-  
arid v + x i t r a l - f i n  are383 i 3 e r m i t t c : d  I.ricreases i n  Lhe a s p -  
m e t r i c  power balanced by t5e tail surface a t  moderate 
ang les  o f  sldes15.p. 

P l 7   ne falli:re of  o ~ e  or m r e  engines  ef  multieripine 
alrp1ar:ee i n t r o d l x e ?  a Yudden a r d  seveye dexend upon the 
d i r e c t i o n a l  F t a b i !  i t g  m a  c n n t r a l  o f  thoye a i rp lane . s .  
Such fa! f. i ; ire~ r c s - i l t  in t h e  Ixst%:.taneavs application o f  
l a r p e  y a w t a p  monente chat m1;tet be r_fjutY.c^1.izec?- e iLher  by 
t h e  r u d d e r  c o n t r q l  or bp t h e  d f r e c t i o n a l  s t a b i l i t y  o f  the 
a-irplane.,  Tn additig2n, ay\rulzrxtric p c ~ w e ~  c s n i i t i q n ?  c r e a t e  
r o l l l n g  mgment? t h a t  n i i n t  ?e ba lanced  by a i l c r 3 n  d € f l € C t L o n  
iii o r d e r  t o  maintair! s t r a i g h t  f l L g h t ,  Tk\j s a i l e r o n  de- 
f l c - c t l o n  c ~ e a t e s  abditional yawing momente t h s t  r e q u i r e  
f u r t h e r  t r imnirLg by tkie v e r t l . c a l  "til svrfaces. F o r  mu l t i-  
englne a'i r p l s n e s ,  tk,en, t he  a s p m e t r i c  power c(2ndit ioi i  
gerLeral.1.g inposes t h e  most  seve re  requfi?en;entP fqr d i -  
r e c t i o n a l  s t a b i l i t y  ai?d c o n t r o l  and t o  a l a r g e  e x t e n t  
dictatE.s  t h e  ZesIEy; o f  the v c r t i c a l  t a l l  atxrfaces o f  t h e s e  
a i r p l a n e a .  

A n  Inve:tigat:on has t h e r e f s r e  brsen c a r r i e d  ou t  i n  
t h e  Langley f r e e - f l i g h t  t u n n e l  t a  -prgvf2Le data. cmcerullng 
t h e  razla t fve m e r i t c  o f  seven v e r c f c a f - t a f l  derigns and 
two nsdes of prs2e11Ep p o t a t i o n  inwider ccti;ditiaas o f  asym- 
metric: ~ower. The RACA and krrng : lyfng-qualLtie s requ?-re- 
ments ( r e f e r e n c e 2  1 ant? 2 )  for d i r e c t z o n a l  s t a b i l i t y  and 
c 9 n t r a l  o f  a i r p l a n e ?  operat ir ig w F t h  as-yriw1etri.c power were 
uFed t 7  establish t h e  t e s t  coridIt1.ons. The r e s u l t ?  o f  the  
f n v e s t i g a t f o n  a r e  r e p ? r t c d  hcrcjfn. 

.. 

* 
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A 7--scale 1 model- o f  a convent iona l  twin-engine a i r -  2G plan?  I n  t h e  mdium-bmhcr  c l a s s  ( t h e  Worth i imerlcm 
H-%t? a f rp laze)  was used  i n  the t e s t s ,  The model was 
mnuzted on a t e F t  s tand ,  wh:ch allcwecl freed*2m i n  yaw and 
r o l l .  The ef ' f 'ects  or" asymmetr5-c j- lcwer could thus be  v i su-  
ally observedt from chanpes i n  t h  r i a d a l  a t t j  tude.  

T3e seven v s r t i c a l - t a t 1  dss2,cns st,uc?ied i n  t h i s  i n -  
vestis%tion v a r i e d  i n  e i t h e r  as29ct  r a t i o ,  t o t a l  t a i l  
araea, 3w.clder area, or g e n e r a l  a m a r g e r e n t .  TeFts were 
macle wit,'r: rudders  f i x e d  and free, and t h e  e f f e c t s  o f  
addink: various dorsal and v e n t r a l  f l  n,: were s t u d i e d  with 
the  rur';ders f r e e .  The effect 3 f  mode o f  r a t a t i o n  o f  t h e  
o p s r s t Z n p  propeller upor, t h e  v e r t j c a l - t a i l  c h a r a c t e r i s t i c s  
vme fnves t i -gated f a r  a l l  tail arranpe:xcr!ts. All t e  s t s  
'il' , ~ t r s  - made w i t h  the flaps down. 

-p rcjg e I 1 e r d i a m  t e r , f e e t 

f r ee- s t r eam a i r s p e e d ,  f e e t  p e r  sec.onc! 

v e l 3 c i t y  a t  end o f  take-of t '  run, f e e t  p e r  Vtake  - o f f  second 

9 f r e e - s t r e a n  dyiani5.c PLressurle, paunds p e r  square  
0) 
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e f f ec t i . ve  t h r u s t  of  one engine, pounds 

p r o p e l l e r  e f f i c i e n c y ,  p e r c e n t  

g r o s s  weich t ,  pounds 

wing area, squaxle f e e t  

brake horsepower of f 1-111-scale a i r p l a n e  s imu la t ed  
by model 

combined a i l e r o n  C e f l e c t i o n ,  degrees  

rudder  d e f l e c t l o n ,  p o e i t f v e  when trafiing edge is 
ts left, degrees  

f l a p  d e f l e c t i o n ,  p o s i t i v e  wben t r a i l i n g  edge i s  
d o m ,  degree? 

e l e v a t o r  d e f l e c t i o n ,  degrees  

t e b  def lec tLon  of all-movable ba.51, p o z i  t i v e  
when t r a i l i n g  edge i s  60 left, degrees  

t a i l  i nc idence  o f  all-mDvable t s T 1  with xleypect 
t o  c e n t e r  l i n e  o f  f u s e l a g e ,  degrees  

ang le  o f  a t t a c k ,  degrees  

l o c a l  ang le  o f  a t t a c k  of v e r t f c a l  t a i l ,  deg rees  

ang le  of  s l d s a l i p ,  degrees  

e r e a  o f  TJer t ica l  t a i l ,  s q w r e  f e e t  

ba lance  area gf rudder, 2srce-nt mrlder a r e a  

r u a d e r  a r e a ,  square  f e e t  

e2an r f  ver"ssa1 t a i l ,  f e e t  

wfng span, f e e t  
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APPARA'TUS 

Wind Tunnel 

The t e s t s  were made i n  t h e  Langley f r e e - f l i g h t  tunne l ,  
a complete d e s c r i p t f o n  o f  vrbich will be f m n d  i n  r e f e r -  
ence 3. 
for a l l  t e s t s .  

The tunne l  was locked a t  an angle  o f  p i t c h  o f  0' 

T r i m  Stand. 

A l l  t e s t s  were mace ori a t r i m  s t a n d ,  which was 
s e c u r e l y  f a s t e n e d  t 3  t h e  f l c o r  o f  t h e  wind tunne l .  
s t a n d  was s o  c o n s t r u c t e d  as t o  a l l o w  t h e  r o d e l  freedom 
i n  roll and yaw a b m t  t h e  s t a b f l f t y  axes  o f  t h e  model. 
The s t a b i l i t y  axes a r e  a system o f  axes  i n  which t h e  
Z-axis i s  f n  t h e  p lane  o f  ,rymmetrg o f  t h e  a i r p l a n e  perpen- 
d fc i i l a r  t o  t h e  r e l a t i v e  wind. The X-axis i s  In t h e  plane 
o f  sjmmetr-gr pe rpend icu la r  t o  the  Z- axis,  The Y-axis i s  
pe rpend icu la r  t o  t h e  p lane  o f  syrclmetrg, The origin of 
t h e  s t a b i l f t y  axes  i s  a t  the  c e n t e r  of  g r a v i t y  of t h e  a i r -  
plane ,  which for t h e  presef i t  t e s t s  was l o c a t e d  on t h e  
f u s e l a g e  c e n t e r  l i n e  25 p e r c e n t  o f  t h e  mean aerodynamic 
chord behind t h e  l e a d i n g  edge. 

This 

Photographs o f  t h e  model mounted on t h e  trim s tand  
a r e  given as f t g u r e  1 and the  c o n s t r u c t i o n  of t h e  s t a n d  
i s  i l l u s t r a t e d  i n  f i g u r e  2.  Ffgure  2 shows tha t  b e a r l n g  A 
pe rmi t s  freedom i n  roll and b e a r i n g  I3 permi t s  freedom i n  
yaw. A c a l i b r a t e d  c o i l  s p r i n g  was i n s e r t e d  i n  b e a r i n g  A 
t o  provide  s t a b i l i t y  i n  r o l l .  T h i s  a l t e r a t i o n  nade pos- 
s i b l e  t h e  measurement of  unbalanced r o l l i n g  moments as a 
f u n c t f o n  of t h e  angle  of  bank and the reby  f a c i l i t a t e d  t h e  
trimming of  t h e s e  moments by means of a i l e r o n  d e f l e c t i o n ,  
B o t h  b e a r i n g s  A and R were equipped with b a l l  b e a r i n g s  to 
keep f r i c t i o n a l  e f f e c t s  t:, a rr , ic imuY. 

The trimfling f i n  shorn  i n  f5gure  2 vas  added t o  the  
t r i m  s t a n &  t o  n e v , t r a l i z e  the  drag yawicg moments cause6 
when t h e  wind was on by t h e  forward s t r u t s  a t  an angle  o f  
yaw, S ince  t h i s  f i n  a r e a  was such that  t h e  t r f m  s t a n d  
w a s  i n  complete equf t ib r ium of yawing m o m m t s  t n P  = 9 
over  t h e  yaw ralnge t e s t e d ,  t h e  trim s t a n d  d id  n o t  a f f e c t  
t h e  d i r e c t i c n a l  s t a S l l i t 7  c h a r a c t e r i s t S  c s  of  t h e  model. 
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Mode 1 
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The mods1 used i n  the  i n v e s t f g a t i o n  was a $-scal.e 
d 0  

rnodel of t h e  North Anerican B - 2 8  a i r p l a n e .  A three-view 
drawfng and a p b t o g r a p h  o f  t h e  model a r e  g iven  a s  f igulres 
3 and 4, r e s p e c t i v e l y ,  

having a d iameter  o f  8.EO i nches  and s e t  a t  an angle  o f  
p i t c h  o f  20°. Power was f u r n i s h e d  by a d i r e c t - c u r r e n t  
c o n t m l  labl.e-spee6 e l e c t r i c  motor r a t c d  1/8 horseFower 
a t  l S , O O G  rpm, The l e f t  p r o p e l l e r ,  which was kep t  i n -  
o p e r a t j v e  du r ing  t h e  t e n t s ,  was so mounted as  t o  windmill  
f r e e l y .  The r i g h t  propeller, which w a s  used a s  Lhe oper- 
a t i n g  p r o p e l l e r  f o r  a l l  t e s t s ,  was geared  t o  t h e  motor a t  
a ratio of 1.23, P r o v i s i o n  v:as made f o r  r e v e r s a l  o f  t h e  
d i r e c t f o n  of pr3pe1 lei- m t a t i o n ,  The model was equ.lppsd 
vvith p a r t i a l - s p a n  P l o t t e d  flaps ( f i g .  .- 3 ) ,  which were de- 
fleeted 450 for all t e 3 t s .  

The model WES equipped i i t h  2 four- blade  p r o p e l l e r s  

Sketclie? of t he  v e r t I c a l - - t a i l  des igns  used In t h e  
i n v e s t f g a t i o n  a r e  showr: i n  figure 5 aua ske t ches  of t h e  
dorsa?.. and vent ru l - f3n  a rea2  u t f l i z s d -  i n  the rudde r-  
f r e e  t e a t s ,  i n  f i g u r e  E .  T a i l  2 r ep reFen t s  the  o r i g i n a l  
vcr t !ca l  t a l l  su r f ace  gf t ke  full-scale a i r p l a n e  and i s  
cons.l.df;red t y p i c a l  o f  c cnven t iona l  v e r t i c a l - t a i l  desfgn 
The dimensional  c h a r a c t e r i s t i c s  of thl-s t a i l  were v a r i e d  
t o  fo rm the  o t h e r  v e r t 2 c a l - t a i l  desfqns .  AI 1 v e r t i c a l  
t n f l s  were c o n s t r u c t e d  o f  t h e  XACA 3012 s e c t i o n .  In  
o r d e r  t o  rnalritalin eiml. l i tude 3f hfnge-nioment c b a r a c t e r -  
3 . s t i cs  a s  f a r  as p r a c t i c a b l e ,  a l l  rudde r s  were o f  i r?e r - t i ca l  
b lun t -zose  ba lance  type w i t h  a ba lance  a r e a  12.2 p e r c e n t  o f  
t h e  ru.dd.sr a r e a ,  Thi.a type o f  rvcider i s  o f  nega t ive  f l o a t -  
9ng tendency and traj-1.2 w i t h  the  wlznd. when f r e e  . 

The dimensional  c h a r a c t e r i s t i c s  of t.he f u l l - s c a l e  
a i r p l a n e  are g iven  i n  t he  f~1.1-owirg t a b l e :  

Area, ~g f t  ................................... 675.90 
Span, f t  ....................................... 72,61 
Aspect r z t i 3  .................................... 7.80 
%Jot cFmrd., in .  ............................... 161.13 
Tip chorii, i n .  ................................. 67.00 
 yea^ aerodynanzic chord,  i n ,  ................... 120.09 
R c m t  s e c t i o n  .............................. NACA 23C17 
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T 4 p  sectS3.n ............................... KACA 4409R 

Dihedral  angle .  deg ................................ 2 

T a p e r  pati ; ,  .................................... 2.4~1 

P e r c e n t  chord lj-rie w i th  z e r o  swee;Jback ............ 33 
Sweepback a t  l e a d i q  edge. deg ................... 4.2 

Incidence. deg ..................................... 3 
Geometric t s r v i F t  (washc>ut). deg ................... 2.5  

Fuselage:  

Length. P t  ...................................... 54.5 
S e e t i a n  ..................................... C i r c u l a r  
Frontal a r e a .  sq f‘t ............................. 238.5 

F o r i z o n t a l  t a i l :  

‘ b t a l  a rea .  .s q i‘t ............................. 183.20 
Span, ft ....................................... 26.95 
Aspect  14atio .................................... 2.94 
D l h e d r a 7  a n p l e .  de& ................................ 0 
S t a b j  l f z e r  sct.ti.2y. Ceg ......................... 1.53 
L e r p t h  froq hlEge o f  e l e v a t 3 r  t o  c e n t e r  of’ 

g r a v i t y  ol” air?l .~ine.  f t  ..................... 28 .  90 

B l e v a t ~ ~ r  area behirid c e n t e r  l i n e  of  hinge. sq f t  53.30 
E l e v a t 9 r  bs lance  area. sq ft ................... 10.63 

V e r t i c a l  t a i l  E t  

T o t a l  a r e a .  sq f t  .............................. 74.90 
Span. f t  ....................................... 10.58 

Length from hinge  ].!.ne i;f rudder t o  c e n t e r  o f  
gravity of a i r p l a n e .  f t  ..................... 27.40 

Rudder area. sq f t  ............................. 39.24 
Rud4er-balance a r e a .  sq i’t ...................... 9.14 
Rudder a r e a  behi.iid hinge l i n e .  s y  Lt ........... 30.10 

Aspect ra . t i .0  .................................... 1.54 

Fin E P S ~ .  Sq  f t  ................................ 35066 

Area behind hinge line. sq f t  .................. 20.91 
Span. f t  ....................................... 11. 41 
Xearr chore. in .................................. 17 . 0 
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Flap: 

T o t a l  flap a r e a ,  ~ “ q  f t  .......................... 80.3 
T o t a l  span, f t  .................................. 38.4 
Type ......................................... Slo t t ec :  

Tine MACA and Amy f l ig . t l t  requi rements  f o r  mul t iengine  

No s e p a r a t e  a t t empt  
a i r p l a n e s  o p e r a t i n g  w i t h  asymr;letrlc power were chosen t o  
e s t a b l i s h  the  pr9per  t e s t  cGndit ions ,  
was made t o  reprgduce the  Yavy s p e c i f i c a t i o n s  f o r  a s p -  
m e t r i c  power becauze o f  the  close s i n l l a r i t y  between t h e  
Navy- ani! t h e  KACA s p e c i f f c a t i o n s ,  

S p e c i f i c a t i o n 3  f o r  D i r e c t i o n a l  Control  

(Rud3er Fixed)  

The NACA and Army s p e c l f i c a t i o n s  ( r e f e r e n c e s  1 and 2, 
r e z p e c t f v e l y )  i’3r d . i r ec t ima1-  coiitrol- of a i r p l a n e s  o p e r a t i n g  
with asymnetr ic  power a r e  as follows: 

NACA requirement (11-6) --.I_ 34- ?’The ru-cider c o r , t r o l  should 
”-?- - 

be s u f f i c i e n t l y  pomeri”u.1 t o  provfd.e equilibrium of‘ yawing 
moments a t  z e r o  s i d e s l i p  a t  a l l  speeds above 113 p e r c e n t  
of t h e  minimum take- of f  spccd under t h e  roll-cwlng cond i t ions :  

a. Ai rp lanes  wi th  two o r  t h r e e  engines:  
K i t h  any one engine i n o p e r a t i v e  
( p r o p e l l e r  i n  l o v  p i t c h )  and t h e  
other  engine  o r  engines  developing 
f u l l  r a t e d  power,[‘ 

A r m y  requirement  E-2c (1) ( c )  ‘$The rudder  c o n t r o l  ..--__/- 
sha l l  be powerful  enough t o  trim a wiulti-engine a i r p l a n e  

h p s h  
a t  1 .2  Vs 
c losed ,  gea r  down, f l a p s  i n  b e s t  take- off  c o n d i t i o d  when 
the  t h r o t t l e  on ar, outboard engine i s  a b r u p t l y  c l o s e d  
( p r o p c l l e r  I.n l o v  p i t c h )  and t h e  o t h e r  engine or engines  
a r e  developing full t ake- off  povrer. The f l a p s  sha l l  be  

- f o r  s t r a i g h t  f l fgkrt  w i th  l e s s  t h a n  1C, degrees  o f  ~ i d e s l - i p  
I- = s t a l l i n g  speed of  t h e  a i r p l a n e ,  t h r o t t l e s  

i n  t h e  take- off  s e t t i n g ,  and the  gea r  s h a l l  be down.... It 
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Speclf  i c a t i o n a  f o r  D i r e c t i o n a l  S t z b i l i t y  

The NATA spec f f ' i ca t ion  ( roqui re rnent  (TI-F) 4 g f  refer- 
ence 1) r e l a t l n g  t o  t h e  rc ,auirements  f o r  d i r e c t s i o n a l  s ta-  
b l l i t y  with rudder  f r e s  tinder r .*spmetrbc p'ower condi ti3n.s 
i s  a2 f3il3ws: 
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for a l l  t e s t s  as t o  ma in t a in  camplete ba lance  o f  ae ro-  
dyriamic ml1 . ing  moments and thereby  t o  s imula te  f l i g h t  
condii;? ons c o r r e c t l y .  

TESTS 

The t e E t  11.ft c g e f f i c i e n t  was  e s t a b l i p h e d  f rom ccn- 
e i d e r a t i o n  of  the s p c c i f f e d  a i r s p e e d s  i n  t h e  A r m y  and HACA 
r e q u i r e r e n t s  e These val.ues were conver ted  t o  l f f t -  
c o e f f i c i e n t  f'3rm,s as follows: 

The X'ACA requirermnt  (11-E) 9 a ( r u d d e r  ftxcdd) s ~ e c i -  
fHes 8n afrspeec? eqinal t 3  1.13 t 5 a e s  tkLe take- of f  speed. 
If 'take-off i s  a s su red  equa l  t o  3~0'2V,.ln, the  a i r s p e e d  
r e q u l r m e t i t  f o r  thizi a p e c i f i c a t S  o n  i s  equal  t o  1.32Vmin. 
If t h e  maxlmuq l i f t  c o e f f f c j e n t  c.f the E-2E! a i r p l a n e  5.9 
assumed equ-a1 t o  %,O, t he  sy;ecified- l f f t  c a e f f i c i e n t  cor -  
r e spo r ld in s  t o .  1.Z2V . Is de2ined by  t h e  expression 

2.0 --_I.-- wkich e l u a l s  1,i5. In a s imi lar  manner, 

tke lift c o e f f i c i e n t  necesFary t o  s a t i , ? f y  NrkCA requirement 
( 1 1- E ' )  4 (rudder f r e e )  was found t o  be  1.02. The l i f t  
c -oef i ' l c ien t  neces sa ry  tc, s a t i s f y  th?a &my requirement 
( r u d d e r  f lxed)  was c a l c u l a t e d  as 1,39* Because i t  was  as- 
sumed t h a t  s l i g h t  changes i n  l i f t  c o e f f i c l e n t  w o u l d  not 
a f f e c t  t h e  model t e s t  r e s u l t s  if t h e  c c r r e c t  v a l u e s  o f '  
t i i r u s t  c 3 e f f i c i e n t  were uscd, all. t e s t s  were r~u-i. a t  a con- 
s t a n t  anylF: of  a t t a c k  o f  5 O ,  which corresponded t o  a l l f t  
c , 2 e f f i c f m t  o f  1.10. 

n3.n 

1. 32vmin J 

All t e s t s  were run at a t e s t  v e l o c i t y  o f  40 f e e t  p e r  
second, which correspond-s t o  a t e s t  Reynolde number of 
1%8,000 b a s e d  3n t h e  Mean aer3dgnarnlc chord o f  0.503 f o o t .  
The a % l e r c ~  d e f l c c t i Q n 6  for a l l  t e s t s  were a d j u s t e d  t o  
provide f q - a i l f ' c r i L z m  g f  m f l i n g  moment3 e 

Tes t  Procedures 

Rudder f-ixeG.- Tn t h e  t s s t s  w i t h  rudder  f i x c d ,  t he  
model7)as  ~ol;r?.tea 3n t h e  .band w i t h  t he  rudder d e f l e c t e d  
i n  t h e  d f r c c t i o n  that coun te rac t ed  t hs  yaw causcd by 
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asyxmetr ic  power. 
mur? amount o f  a s p i i e t r i c  t h r u s t  t h e  rv.d.der would ba lance  a t  
a n g l e s  of y a . ~  of 0" and loo f o r  rudder d e f l e c t i o n s  of O o ,  
50 ,  160, 200, ar,d 300. 

Xeasurements were t h e n  taken  o f  the  maxi- 

Rudder f r e e . -  The t e T t s  w i t h  rudder free were made by 
measuring t h e  amount of  asjmmeti2ic t h r u s t  and ang le  o f  y8.w 
produced- by  as-ymmetric power for various! ang les  o f  yaw up 
t o  t h e  a n e l e  a t  whicb d i r e c t i o n a l  i n s t a b i l i t y  vvzs encountered,  
T e s t s  w i t h  rudder  f r e e  were made cf t h e  model w i t h  each o f  
t h e  f o l l m l n g  v e r t i c a l - t a i l  arrangentents: 

--- 

(1) V e r t i c a l  t a i l  a lone  

( 2 )  V e r t i c a l  t a i l  p l u z  do r sa l  f i n  a 

(3) V e r t l c a l  t a i l  p l u s  d o r s a l  fin b 

(4 )  V e r t i c a l  t a i l  p lue  v e n t r a l  f i n  a 

( 5 )  V e r t i c a l  tail p l i x ~  v e n t r a l  f i n  a 
p l u a  d3rsa l  f l n  a 

The a b s o l u t e  d g r s a l -  anG. v e n t r a l - f i r  ayeas  r e q u i r e d  for 
each t e s t  were determined f rom the percen tages  o f  t h e  
v e r t i c a l  t a i l s  being tester?.  F iver  i n  I"i.gure E .  ?lo t e s t s  
were made t o  d e t e r v i n e  t h e  i n f l u e n c e  o f  a x x l l i a r y  f i n  a r e a  
upon t h e  c h a r a c t e r i e t l c s  o f  twin t a i l  4. 

ob ta ined  i n  t h e  t e s t s  of  t h e  node l  were conver ted  t o  the  
s in iu la ted  a s y m e t r i c  brake horsepower of t h e  f u l l - s c a l e  
a i r p l a n e  by means o f  t he  r e l a t f o n s h l p  

Power ca . l cu la t iQns . -  Tke t h r u s t  c o e f f i c i e n t s  tha t  were 
_I__---- 

o r  
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The f u l l - s c a l e  propel -le r  e f ' f i c lency  r; w a s  assumed 1 

t o  be  equa l  t~ 0.75 for t h e  c a l c c l a t i o n s .  Values of wing 
l3adir;g &/SW 2nd p r o p e l l e r  dianieter  D were g b t a i n e d  
f r a m  t h e  f u l l - s c a l e  c h a r a c t e r i s t i c s  of  t he  Nor th  American 
B-28 a i r p l a n e  and were equal t o  47.5 p ~ m d s  p e r  square 
f o o t  and 14.7 f e e t ,  r e p p e c t i v e l y ,  The value  o f  the mass 
d e n s i t y  of  a i r  p was chosen as 0.00238, which i s  i t s  
va lue  a t  sea l e v e l  umc3er s t a n d u d  atmospheric condit-ions. 
S u b s t r t u t i o n  of  t h e s e  va lues  i n  equa t ion  (1) y f e l d s  t h e  
r e  1 a t  i on s h i p  

3 900 ( 2 )  
T C  

bhp = 
cL:5jB 

The va lues  of CL i n  equation. ( 2 )  a r e  t hose  correspond-  
ing  t o  t h e  a i r s p e e d  s p e c i f i e d  Tn t h e  Army and t h e  NACA 
requirements  and were determined as shown i n  t h e  s e c t i o n  
e n t ' i t l e d  !'Test Condi t ions . t t  
l i f t  c o e f f f c i e n t  i n  equation ( 2 )  y f e l d s  t h e  exp res s ions  
d e f i n i n g  t h e  convers2on o f  niodc1. t h ru s t  c o e f f i c i e n t  Tc 
t o  the e s t i m a t e d  f u l l - s c a l e  brake horsepoiver, which a re :  
For  rudder  f i x e d ,  

S u b s t i t u t i n g  t h e s e  v a l u e s  o f  

It AC A r e  q u i  rem en t 

bhp = 8050Tc ( 3) 

Army r e  q u i  r ern en t 

bbp = 6070Tc (4 )  

For rudder  f r e e ,  

PiSACA reqixirement 

bhp = 9620'2, ( 5 )  

The d a t a  o b t a i m d  i n  t h e  i n v e s t f g a t i o n  a r e  p l o t t e d  
in f i g u r e s  7 to 18. F i g u r e  7 shows t h e  rolling-moment 
c o e f f f c i e n t s  produced b y  t k e  a f l e ro r i s  u-sed i n  t h e  t e s t s .  
Figures 8 t o  LO p r e s e n t  the valu-es o f  the asymmetric7 

t h r u s t  c Q e f f f c i e n t  balanced: by xeans  o f  rudder  d e f l c c t i o n .  



NACA ARR No. L5k13 13 

F i g u r e s  11 t o  13 g ive  t h e  v a l u e s  of  t h e  as7Jmw;et.ric-thrust 
c o e f f i c f e n t  ba lanced  by the  yawed rindel- wibh rudder  f r e e ,  
Data showing t h e  inflix6;l.lce o f  d o r s a l-  and v e r l t r a l - f i n  a r e a s  
upon t r i m  c h a r a z t e r i e t i c s  a r e  p reeen ted  i n  f i g u r e s  1 4  t o  18. 

The t e s t  d a t a  i n  f i g u r e s  8 t o  13 were r ea r r anged  and 
conver ted  t o  v a l u e s  a f  f u l l - s c a l e  b rake  horsepower i n  
f i g u r e s  19  t o  24 ,  An ifidex t o  al l .  fig:.ures 9 s  p r e s e n t e d  
a s  t ab l e  I. * 

E f f e c t  o f  ?Aolte 5f P r 3 p e l l e r  Ro ta t ion  

The .noc?e of p r o p e l l e r  rotat,:cn tu w3ich t h e  upper 
b l a d e  t i p s  move toward t h e  f u s e l a g e  i s  hence fo r th  des igna ted  
inboard  r o t a t i o n .  The r o t a t f o n  3-n whfch t h e  uppcr blade 
t i p s  move ou t  tqward t h e  wing t i p  i s  d e F i p a t e d  ou tboard  
r o t a t i o n .  A l m o s t  a l l  c ~ n v e c t i g n a l -  a i r p l a n e s  a r e  equipped 
v t f t h  r5 ght-hand. p r o p e l l e r s .  On mul t ienpine  a i r p l a n e s ,  
t h e  d i r e c t i o n  of p r a p e l l e r  r o t a t i o n  wft.?, r e s p e c t  t o  t he  
wing t i p s  ( fnb3a rd  or outb3aal.7d) i-s t ' i e re fgrc  deterrrinecl 
by the  l o c a t i o n  31' thc p r o p e l l e r .  If t h e  r i p k t  engine 
f a i l s ,  t h e  d i r e c t i o n  3f t h e  o p e r a t i n g  p r o p e l l e r  r o t a t f o n  
i s  inboard  and the  a l r p l a n e  yaws i n  a p o s i t i v e  semse. 
F o r  l e f t - e n p i n e  faJ l u r e s ,  t h e  opcrat f r ig  p r o p e l l e r  r o t a t e s  
ou tboard  arid t he  a i rp la r , e  yaw i s  negat4ve.  The r e s u l t s  
of t h e  p r e s e n t  i n v e s t i g a $ i o n  show t h a t  use o f  d i f f e r e n t  
modes of propsllcr r o t a t i o n  caused cons fde rab le  d i f f e r e n c e  
9.n t r i m  ciiarac t e r 5 s t i c e  of  an aBrplane o p e r a t i n g  under 
asylnlnetric power. 

K i t h  o n l y  one except ion ,  the  data p r e s e n t e d  i n  
f i g u r e s  8 t o  13 i c d i c a t e  t h a t  t h e  use o f  outboard p r o p e l l e r  
r o t a t l  on decreased. t h e  v a l u e s  o f  peri?ifssiSle asynmetr lc-  
t h r u s t  c g e f f i c f e n t  ba lanced  by any g iven  v e r t i c a l - t a i l  con- 
f i g u r a t i o n  and t h a t  t h i s  mode of r o t a t i o n  would t h e r e f o r e  
determine t h e  rnlnirnwi v e r t t c a l - t a i l  slze. The except ion  
occu r red  when tw?n taLl  4 ope ra t ed  under t he  A r m y  s p e c i f i -  
c a t i o n s  ( P i g .  9 ) ;  i n  t h e s e  t e s t s  inboard r o t a t i o n  was less 
f a v o r a b l e  t h a n  outboard r o t a t i o n .  

The d i f f e r e n c e  In  as ;qmet r ic  power balanced by a g iven  
t a i l  a r ra .ngemnt  wi th  e i t h e r  of t h e  two modes o f  r o t a t i o n  
appeared t o  i n c r e a s e  f n  magnitude w i t h  t h e  amount o f  d i-  
r e c t i o n a l  s t a ' o i l f t y  and of c o n t r o l  b s h g  a p p l i e d .  The 
l a r g e s t  d i f fer lencee occur red  a t  l e r g e  rudder  a n g l e s  and f o r  
t a f l s  5, E ,  and 7 ,  wklch have high a s p e c t  r a t i o s .  P a r t i c u -  
larly l a r g e  e f f e c t s  of prope1.ler r o t a t i o n  were observed when 
t h e  rudder  wa.~ f r e e .  
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The mag'r,itude o f  e f f e c t  of r e v e r s i r g  t h e  p r o p e l l e r  
r o t a t i o n  hae been i l l u s t r a t c d  In f f g u r e  19, Thla f i g u r e  
presents t he  ca lcu la ted :  v a l u e s  of p e r m i s s i b l e  brake Imrse- 
pcwer for bo th  modes of p r o p e l l e r  ro%a. t ion f o r  t h e  repre -  
scui ta t ive  rudder d e f l e c t i o n  of  20° ( f f g s .  1.'3(a) a n d  1 9 ( b ) )  
and for tha t  ang le  of' e i d e s l i p  a t  whlch d i r e c t i o n a l  In- 
? L a b i l i t y  was encountered i n  t h e  t e s t s  w L t h  rudder  fTee 
( f i g .  1 9 1 ~ ) ) .  Th i s  ang le  of  s i d - s s l i p  was between 10° and 
12' f o r  almost  a l l  t he  c m d i t i o n s  t e s t e d .  The results 
presen ted  in f i g u r e  19 sbow tha t  the  d i f f e r e n c e  i n  asym- 
metric power bal-enced by t h e  v e r t i c a l  t a i l  f o r  Inboard: 
and antboard  r o t a t l a n  v 7 a s  &bout  4C4 horsepower for most 
condfk i r~ns  and was as large a s  K O 0  horsepower f o r  some. 

The e f f e c t s  of  c h a n g b g  t h e  d f r o c t f o n  o f  p r o p e l l e r  
r o t a f f c n  appear  t o  be exp la ined  by t h e  data o f  r e f e r e n c e  
4 .  Xfercnce 4 cons lzdes  t h a t  use of  fnh3ai.d propeller 
r o t a t j o n  w f t h  the f l a p e  dowr, caused t h e  , ~ l i p z t r r e a m  t o  c3n- 
verge .toward the ta l l .  an6 t h w e h y  increased.  t h e  c o n t r i -  
b u t i o n  o f  t h e  t a i l  sayfaces  t3  d i r e c t i o n a l  : . taSSl i tg  f o r  
small t o  m a d e r a t e l g  larape a n ~ l s s  o f  yaw, This s l i p s t r e a m  
dispiacernent would rezult i n  a S e n e f l c f a l  e f f e c t  o f  i n-  
board r o t a t i o n  u . p ~ n  %lie t r b x i n g  actLon of t h e  v e r t l c a l  
t a i l  surfaces, p h r t i c u l ~ r l y  f o r  twin  t a l l  4, which under 
ITACA EpecEPicatior,s ( p  = O @ )  artpears t o  be  p a r t l y  i m -  
mersed, i n  t h e  s i l p s t r ea rn  j e t ,  Reference 4 a l s o  concludes  
t h a t  outboard r o t a t l o n  cause? the s l fpFt ream j e t  t o  d l -  
verge,  C?ncequently, t h i s  mode o f  r a t a t t a n  i n c m a s e s  
t h e  tail ef ' fec t fveness  a t  l a r g e  angles  of  yew b u t  i s  l e s s  
s a b i s f a c t a r y  i n  t h i s  re:.pect than the  inboard  mode of' 
r o t a t i o n  f w  o t h e r  ang les  o f  yaw. This reasoning  e x p l a i n s  
t he  f a v o r a b l e  e f f e c t  o f  outboai?d pro9sf  l z r  r o t a t i  on upon 
twin  tail 4 when-opeyating a t  an  a r g l e  o f  s5Ues l lp  ?f loo ,  
A t  this angle,  owing to i t s  o r i g f n a l  l a t e r a l  d isplacement ,  
this tail ' I fes  within t h e  s l i g s t r eam.  

The d n t a  ob ta ined  i n  the t e s t s  f r id iea te  t h a t  for 
twin-engine a i r p l a n e s  cquipped w f t h  si~gle v e r t i c a l  t a . i l s  
and c o n v m t l o n a l  r i gh t- hsnd  p r o p t l l e r s  , t h e  f a l l w e  o f  a 
l c f t  e c g i n e  will ingoas t h e  mare s e v t r e  f l i g h t  cond i t i ons .  
F o r  a4rplane.e eauipped w i t h  twin  v e r t i c a l  t a i l s ,  however, 
the f a i l u r e  o f  a r i g h t  eng ice  should pI'ove more c r i t i c a l  
t o  the  f J J l f i l l m e n t  of  t h e  Army requi rements .  S l m i l a r l y ,  
i t  may be  reasoned that  use  of p r o p e l l e r s  r 2 t a t i n g  i n -  
board on both w9i3gs (eymnet r ic  r o t a t l o n )  would be advars- 
tagzDus fr3r ai rpl .2nes  equipped wl th  single f i n s  b o t h  t o  
improve t a l l  effectiveness and t o  make t h e  handl ing  o f  
c o n t m l s  s lmi lar  r ega rd l e s s  o f  the l o c a t i o n  o f  t h e  

x 
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i n o p e r a t i v e  engine ,  Conversely,  symmetric olztboard r o t a t i o n  
should be f a v o r a b l e  f o r  a i r p l a n e s  equipped w i t h  twin f i n s .  

E f f e c t  of  V e r t i c a l - T a l l  DeFign 

E f f e c t  o f  v e r t i c a l - t a i l  8rea.-  The e f f e c t  of varyfng 
----_I_- 

v e r t i c a l - t a t 1  area was ob ta ined  from a s tudy o f  t h e  t e s t  
data f o r  g e o m e t r i c a l l y  F i n f l a r  t a i l s  1 , 2 ,  and 3 .  The 
data for t h e s e  t a i l s  w S t h  rudder  f i x e d  were conver ted  t o  
v a l u e s  of  f u l l - s c a l e  brake horsepower an<. p l o t t e d  i n  
f i g u r e  20. 

The data of f i g u r e  Z G ( a )  sbgw t ha t  i n c r e a s i n g  t h e  
vertical-tail a r e a  r e s u l t e d  fn fncr>eases. i n  the  asTJmmetrSc 
power balanced! by a gTven rudder  ? - € f l e c t i o n  a t  zero ang le  
of s i d e s l f p ,  These  i n c r e a s e s ,  however, a r e  n o t  C i r e c t l g  
propDrt iona1  t o  t h e  i n c r e a s e  ?n. t a f l  ( r uade r )  a r e a ,  as 
m i g h t  norrrially Sa expected;  this lack of  p r o p o r t i o n a l i t y  
i n d i c a t e s  t h e  prsaence  of sucondary s l i p s t r e a m  e f f e c t s  
upon t h k  ve r t l ca :  t a i l  r . s r faces ,  Such secon6ary e f f e c t s  
a r e  probably  prociuced b2- t h e  side-!:ash anples gener>ated 
a t  t h e  t h i l  by inf low ii;to the  slipstream j e t  a s  w e l l  as  
b y  t h e  pore  C i r e c t  e f f r c t s  3f s l i p c t r e m  v e l o c i t y .  
F u r t h e r  i n v e s t i g a t i o n ,  however, i s  requSred t o  e s t a b l i s h  
a complete exF lana t ion  of thnpse sFcondary s l i p s t r e a m  
e f f e c t s  e 

T h e  d a t a  i n  f i g u r e  2G(b) i l l u s t r a t e  t h e  f a v o r a b l e  
e f f e c t  upon t h e  asyxmetr ic  pover  c h a r a c t e r i s t i c s  o f  i n-  
creasing t h e  v e r t i c a l - t a i l  a rea  a t  an angle o f  s i d e s l i p  
of  looo These da ta  show that,, when the  airn1an.e 1 s  s i d e-  
s l i p p i n p ,  t h e  d i r e c t i 3 n a l  s t a b l l i t y  of t he  v e r t i c a l  t a i l  
s u r f a c e s  r e f n f o r c e s  t h e  a c t i o n  of  t h e  ruc?.der c o n t r o l  i n  
nuIlif'y5hg the  e f f e c t s  of asymrnetrlc power, and  h ighe r  
va lues  of' as:rmmetric t h r u s t  c2.n t h e r e f o r e  be ba lanced  
by a g iven  v e r t i c a l - t a i l -  arrangement.  The magnitude 
of the  e f f e c t 9  of' 6 i r e c t i o n a l  P tab41f ty  can be ob ta ined  
from a s tudy  o f  t h e  curve f o r  a ruclder d e f l e c t i o n  of 
Oo ( f i g .  20(b)), wiiich 19 d i r e c t l y  i n d t c a t i v e  o f  t h e  
rudder- f ixed  d i r e c t i o n a l  s t a b i l i t y ,  These data  show 
t ha t  t h e  d i r e c t i o n a l  s t a b i l i t y  c2ntrfbuted by t a i l  1 b a r e l y  
ba lanced  t h e  u n s t a b l e  Taxing moixents c r e a t e d  by t h e  yawed 
fuselaTe-vv9ng c o n o h a t i o n .  Xaking t h e  t a i l  a r e a  l a r g e r  
than  t h a t  c f  t a i l  1 i n c r e a s e d  t h e  d 5 r e c t i o n a l  s t a b i l i t y ,  
as would be expected.  
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The e f f e c t s  o f  i n c r e a s i n g  t a i l  a r e a  noted i n  t h e  
t e s t s  with rudder  f i x e d  were a l s o  obscrved i n  t h e  t e s t s  
v#ith r:uCtdei> f r e e ,  F lpure  11 i l l u s t r a t e s  t h e  i n f l u e n c e  o f  
t a i l  a r e a  upon t h e  rudde r- f r ee  tria c l i a r a c t e r l s t i c s  o f  
t h e  model o p e r a t i n g  under asy:nmetric power. I n  t h i s  
f i g u r e ,  t h e  data i n d f c a t e  t h a t  freeing the  rudder  o f  
t a l l  1 was d e s t a b i l i z i n g ,  as w m l d  nomla l iy  be expected 
s i n c e  t h e  rudder  type employed hsd a nega t tve  f l o a t i n g  
r a t i o .  Because of  t h e  s l e n d e r  margifi of  s t a b i l l t y  
a s s o c i a t e d  wtth t a i l  l, t he  d e s t a b i l z z i n g  a c t i g n  o f  
f r e e i n g  t h e  rudder  was s u f f i c i e n t  t o  c suse  d i r e c t i o n a l  
i n s t t ~ b f l i t y .  Naking t h e  t a j l  al’ea g r e a t e r  than  t h a t  o f  
t a i l  1 i nc reased  t h e  d j r e c  t i  onn l  s t a b f l f t y  c o n t r i b u t e 6  by 
t h e  t a i l  s u r f a c e s  s u f f i c i e n t l y  tc Gvercme t h e  a e s t a b l l i z -  
ir?g e f f e c t s  of t h e  f w e l a g e  and, consequent ly ,  per.ml.tted 
i n c r e a z e s  lir: t h e  a s p m e t r i c  tinr:ist balanced b y  t h e  v e r t i c a l  
t a i l  surfaces. 

Coxparison o f  twin t a i l  a:?d s j n p l e  t a i l . -  Twin t a i l  4 
G U Y - .  I_ -I -. ..-- - .- -- -.“2LL..L.*---.-- 

rriay hs directly conparad v i t h  “ca22 2 S.nQamuch as bath 
t a i l s  were o f  the  Eaxiie as2ec.t  r a t i o  arid equa l  a r ea .  Be- 
cauee t h e  twin  t c ? f l  was l -ocated s l m o s t  difnectly I n  t h e  
e l  i-:,ztrealn, t h e  twlin t a i l  nas anope e f f e c t i v e  t h a n  t h e  
s i n s l e  t-aif. a t  z e r 3  an2 small aiigles o f  s i d e s l i p ,  F fgure  2 1  
shows ‘chat the  Inf luence ~3f poner  a t  
t a i l  4 almost  as e f f e c t i v e  as t a i l  3, a siirf‘ace of equa l  
aFpect  r a t L o  b u t  posses~ing 50 pe rcen t  g r e a t e r  a r e a .  A t  
ang le s  of  s i d e s l i p  g r e a t e r  t h a n  0 0 ,  however, t a i l  4 w a s  
l e s s  e f f e c t i v e  t han  t a i l  2 with t h e  ruclder f i x e d  a t  an 
angle of‘ s l d e s l l p  of IOo and wfth t h e  rudder  f r e e  ( f i g .  2 2 ) .  
These data  confirm t r e z d s  rioted E n  the  pas t  and i c d i c a t e  
t h a t  t h e  d f r e c t i T n a 1  F t a b i l i t y  contrq-’outed by a twin 
ve r t f ca l .  t a l l  i s  l e s s  thaa tba t  c o n t r i b u t e d  by a s i n g l e  
t a i l  r,f tlze same aepec t  r a t i o  anti equa l  a r e a .  T h e  in-  
creneed: d i r e c t i o n a l  s t a b i l i t y  ach ieved  by use 3f t h e  
s i n g l e  t a i l  f s  p a r t l p  a.scribed to t h e  f a v o r a b l e  end- pla te  
e f f e c t  cf t h e  h o r r z o n t a l  s u r f a c e s  upon the l o a d  charac-  
t e r i y t l c s  o f  t h e  v e r t E c a l  su r f aces ,  I n  adcli t ion,  the  
s3n.gI.e t a i l  h a s  b u t  one r o ? t  j unc tu re  compared wl t h  two 
f c r  the,  twit t a i l  and t h e r e f o r e  iz lesz a f f e c t e d  by i n t e r -  
f e r e n c e  e f f e c t s .  

p = 0’ xade 

It should Se nDted t h a t  t h e  curves  f o r  t a i l  4 f o r  
rudder  f r e e  ( f f g .  22(b)) d o  no t  pass  thraugk t h e  o r i g i n  
b u t  fal.1 above and below it, deperiCJing ~n t h e  mode of 
p r o p e l l e r  r 3 t a t i o n  emplcyed. Tliese cu rves  i n d i c a t e  tha t  
r c v s r s i n g  t h e  p r o p e l l e r  r o t a t i o n  a l t e r ed .  t h e  sidewash 
caused by t h e  p r o p e l l e r  s u f f i c i e i 2 t l y  t o  reTTerse t h e  l o c a l  
ang le  of  a t t a c k  of  tail 4 a t  small a n g l e s  of  s i d e s l i p .  
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A conpar~is tJn  of t h e  e f f e c t s  of taEIs 5 and 7 upon 
t h e  charac t s r i s t - : .  c r  of the  &.rplar,e o s e r a t i n p  with asyn- 
m e t r i c  ~ Q V V ~ P  I s  SiTOlrtn in fipur.9 24 ,  Lk,?Fe Gzta l ~ C . L c a t e  
t k a  t Chs z I i - m ~ : &  l e  t r i l  i3 msrke6 ly  imre  e f  f e c t f v e  than  
tbe cmven’;! cntll t a f i  a t  z e r o  st6esli-p w T t h  t he  r u c d e r  
f i x e d  prLd V J ~  tl. t h e  radder  free. A t  loo sideslip and with 
rudd.er f Sxed,  howevery t k e  al l-movable t a i l  was Drily 
s l f g h t l g  more  e f f e c t i v e  t han  t h e  cor&vent ional  t a i l  
( f i g .  %(a)) 

rn 

These t e s t  r e s u l t ?  mag be exp la ined  by use of  t h e  
curves  showtng t y p i c a l  t a i l  loads (fig, 2 5 ) .  These cur=ms 
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show the  v a r i a t i o n  of t a i L  l o a d  with v e r t i c a l - t a i l  i n c i -  
dence and ru.d.cier t i e f l e c t i o n  for 2 cDnventiona1 and an 
r l l -mcvablc  t a i l .  The tab a r e a  of t h e  al l-movable t a i l  
i s  assumed equa l  t o  t h e  rudder  m e a  of  t h e  c3nventiona. l  
t a i l .  The v a r i a t i o n  of t h e  lDad w i t h  d e f l e c t i o n  o f  t h e  
all-mo17able t a i l  i s  i n d i c a t e d  by t h e  dashed l i n e  i n  
f i g u r e  25, Thfs  v a r 5 a t i o n  i s  due t o  t h e  l i nkage  be tgeen  
t h e  t a b  and the  movable f3rward s u r f a c e B  The s lope  o f  
the l o a d  cur:ve i s  deterinineC f'iqom t h e  l i nkage  r a t i o  
6T/i t  
If t h e  e f f e c t ,  o f  power i s  iprmrcd, the ang le  o f  a t t a c k  
(ta-P_l inc idence)  gf t he  c m v e n t i o n a l  t a i l  a t  p = Oo i s  
a l s o  ze ra .  The rudder  deflection t h e r e f o r e  produces 
chanpes 'in I.oad along a pa th  c o i n c i d e n t a l  wi th  t h e  ze ro  
ordinate. For examplc, a rudder  d e f l e c t i o n  of 10° produces 
t h e  t a i l  load c\Trresponding t c ,  tkle load i n d i c a t e d  by 
p0irt-t a.  For t h e  al l-mnvable t a i l ,  however, a rudder  
d e f l e c t i o n  o f  IOo c a w e s  a s imul taneocs  change I n  t a i l  
ang le  of a t t a c k  and t a b  de f l ec t fo r?  an6 produces t h e  l o a d  
in l&ca ted  by pr)I.mt b. Consequently, a t  ze ro  sideslip, 
t h e  a l l -wivable  t a i l  i s  capable  of  proeuclng much l a r g e r  
yawing noments wi th  vgklich t o  balance  t h e  e f f e c t  of asym- 
m e t r i c  p3wer than t h e  c o n v m t i 2 n a l  t a l l ,  

whfch, for the  ca se  i n v e s t f g a t e d ,  WSLS equa l  t o  1.12. 

k t  lnoderate a n g l e s  o f  s i d e s l i p  (loo t o  15a), t h e  can- 
v e n t f o n a l  t a i l  o p e r a t c s  i n  t h e  high-lift r e g i o n  of  t h e  
l i f t  curve of  the  t a i l  and consequent ly  p?oc?v.ccs t a f l  
loads o f  an ordeia csrnparable w i t l ?  t hose  proluced by t h e  
al l-movable t a i l .  The cDnventiora1 t e i l  may c m c e i v a b l y  
produce t a i l  loads even g r e a t e r  thaa those  o f  the  all- 
niovable t a i l  because t h e  convent iona l  t.aJ.1 i s  u n r e s t r i c t e d  
i n  t h e  use o f  mC'L(?er. The all-movable t a i l ,  h3vtfever, i s  
l i m i t e d  f a r  a g iven  llr,kzg:e r a t f o  t o  t k e  ruclder d e f l e c t i o n  
tha t  prodace? t h e  t a i l  i nc idence  a t  maximum l i f t ,  F u r t h e r  
Ceflection would cause t h e  e n t i r e  sur>face to s t a l l .  

I n  ba l anc ing  t h e  e f f e c t s  sf aspmiletrlc power, the 
s u p e r i o r i t y  o f  the  a l l - m o v a b l s  taT1 t o  t h e  c o n v e n t i m a l  
t a i l  was aiost  marked i n  t h e  rudde r- f r ee  t e s t s .  Th i s  su- 
p e r i o r i t y  can be a s c r i b e d  t o  the  f a c t  t h a t  t he  hinge-  
moment c h a r a c t e r i s t i c s  o f  t h e  a l l - m m a b l s  t a t 1  f o r c e  t h e  
e n t i r e  t a i l  t a  flGat a g a i n s t  t h e  wind when f r e e  ( p o s l t i v e  
PlDat ing rat-fo) arid c ineequen t ly  fvlcrease t h e  d i r e c t i o n a l  
s t a b i l i t y  of t h e  a i r p l a n e .  I n  cons ide r fng  t h e  advantages 
o f  t h e  a l l - rmvable  v e r t i c a l  t a l l  over the  convent iona l  
t a i l ,  i t  s h o u l d  be observed tha t  "snakingfi  o s c i l l a t i o n s  
may be ind1;ced Sy c o n t r o l - s u r f a c e  f r l c t i o n  with ilr.pr3perly 
desiiTned tails :laving p o s i t i v e  f l o a t f n g  r a t i o s .  
r e f e r e n c e  6 @ )  

(See c 

P 
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a 

E f f e c t  o f  rudder  ch9i-d. _.IC__ - The e f f e c t  o f  dec reas ing  
--_I.- 

rudder  chord i s  shown by the  teat ;  data f o r  t a i l s  6 and 7 
(figs, 10 and 13) . 'I'liese d a t a  show t ha t ,  al thoiigh t h e  
rudder  o f  t a i l  7 had only one-half  t h e  a r e a  a r d  one-half  
the  chord o f  t h e  rudder  o f  t a i l  6, t h e  rucicer of  t a i l  7 
ba lanced  a p p r o x l x a t e l y  two- th i rds  a s  im.lCl.1 asymmetric power 
a t  ze ro  s t d e s l f p  and approximately seven- eighths  a s  much 
power a t  10" s i d e s l r p  as t h e  rudder  of - t a i l  6 ,  These data 
a r e  I n  agreement with c5nventional-  t r e n d s  because i t  L e  
known t h a t  dec reas ing  the  rudder  chord f n c r e a s e  s t he  yaw- 
i n g  tnoment p e r  u n i t  1-udder a r e a ,  

f if th rudder  f r e e ,  t a i l  7 ba laqced  a g r e a t e r  amount 
of a s y m m t r t c  power than  t a i l  E ,  wMch inc?icated a f avor3b le  
e f f  Ect o f  r educed -rudder  a rea  lipon t h e  rudder- f ree  d i r c c t i o n -  
a1 s t a b i l i t y .  Th i s  a c t i o n  occurred  b ~ c a u s e  t h e  rudders  of 
t a i l s  6 and 7 are of t h e  t y p e  . that  t r a f l  w i t h  t h c  wind and 
s o  reciuce t b s  d i r e c t i c n a l  F t a b i l - i t y  when s c t  free. Con- 
sequen t ly ,  t a i l  7 ,  because o f  fts sxal ler  rudder  a r e a ,  
c r e a t e d  smalley d e s t a b i l i z i n g  moments vvben the  ruiider was 
s e t  f r e e  and so  ba lanced a create?? amount of asyrrmekrLc 
power * 

E f f e c t  of rwclder 2 e f i e c t i a n . -  The d a t a  s b t a i n e d  i n  -- _--__.- 
t he  t e s t s  sl-oizd t h a t  5 rx reas in .g  the  rwdder d e f l e c t i a n  
i n c r e a s e d  the  amount of' as.jmmctric power balanced by t h e  
v e r t i c h l  t a i l s  a t  a ckcrens ing  r a t e .  

E f f e c t  of d 3 r s a l  and v c n t r a l  fins.- Th.e data i l l u s -  
-1-- ---- .. ----__-- 

t r a t i r i g  the  e f f e c t  of a d d i n g  d o r s a l -  and v e n t r a l - f i n  a r e a s  
t o  t a i l s  3, 3, Z 9  E ,  and 7 a r e  p resen ted  i.n f i g u r e s  1 4  t o  
1.E.. No d a t a  a r e  p resen ted  f o r  t a i l  1 because t h e  a d d i t i o n  
o f  do r sa l  and, v e n t r a l  f-ins d i d  n o t  n o t i c e a b l y  l e s s e n  t h e  
d i r e c t i o n a l  i n s t a b i l i t y  a s s o c i a t e d  w-ith t h i s  t a P l  a r range-  
menta 

The t e s t  d a t a  indi .cated t h a t  the  a d d i t i o n  of  a u x i l i a r y  
f i n  a r e a  i n c r e a s e d  t h e  d i r e c t i o n a l  stab? litg a t  l a r g e  
a n g l e s  of  yaw and the reby  increased  t h e  maximum amount o f  
asymmetric t h r u s t  ba lacced  by t h e  tail s u r f a c e s  when the  
rudders  1~7ere f r e e ,  I n c r e a s e ?  i n  rnaxf~mi-x asyrrnetrfc t h r u s t  
o f  t h e  o r d e r  o f  50 t o  100 perceQt  ifiiere obacsved i n  t k e  
t e s t s .  

The addl - t ion  o f  v e n t r a l - f f n  a r e a  was g e n e r a l l y  faund 
t o  be more e f f e c t z v e  tlian t h e  a d d i t i 3 n  cf  an equa l  amount 
o f  d o r s a l - f % n  a r e a .  The u s e  or" a cornbination Qf d o r s a l -  
and v e n t r a l - f i n  a r e a s  ( d o r s a l  a ami v e n t r a l  a) was 



20 NACA ARR No. L5A13 

,gen.erallg pore  e f f e c t i v e  t h s n  a s i n g l e  d o r e a l  f i n  3f the  
r a m  to t a l .  a r e a  ( d 3 r a a l  b )  . 

Alle ror !  d e f l e c t i o n s  r e q u i r e d  t o  t r e m  a x m e t r i c  
---.-_l.--C__II_I_ ..--..- 

ttxwy%.- - A r e p r e s e n t a t i v e  p l o t  of t r , t a l  a i l e r o n  d e f l e c -  
t ' lons r e q u j r e d  t o  trlm the m l L i n g  moments c r e a t e d  by 
asymnetr!.c t h y u s t  i s  p re sen ted  in f t g u r e  2E, These 
def l -ec t fons  w e m  always ob ta ined  by  equal up-and-down 
movements of  the, a i l e r o n s .  Calculaced va lues  a r e  a l s o  
p r e s e n t e d  i n  figure 26. These ca lcu la tLons  were made 
b y  uzfng  the mctk3d  presented I n  r e f e r e n c e  7 .  The c a l c u-  
l a t e d  l i f t  inciwrient;,. c r e a t e d  53 t h e  o p e m i t h z  p r o p e l l e r  
were r r u l t f p l f e d  bg t h e  lateral arm o f  t h e  p r a p e l l e r  t o  
o b t a i n  ro11.ing imments,  wlr5ch were convertEd t o  a i lcr .on 
d e f l e c t i o n s  r e q z i r e d  t 3  t r i m  by use o f  t h e  d a t a  I n  f i g u r e  7. 

T'he r e s u l t s  preFented i n  f i g u r e  26 show t h a t ,  a l though  
t h e  s c a t t e r  was cons fde rab ie ,  the  t e s t  d R t a  agreed fairly 
w e l l  wftn t h e  calclJl&terl  va lQes  and ir?_dicated t h a t  mcder- 
a t e l g  l a r g e  a L l - c r m  d e f l e c t i o n s  woula be  r e q u i r e d  t o  main- 
t a i n  s t r a i g h t  fligi-It  undfir asynmctrlc. power concii t i o r i s  * 

The fo l lowing  ccncl'xsi m s  were drawn f r o m  trim t e s t  s 
of  a twin-en ,g lm-a i rp lane  rcDdel ope ra t fng  under a s y m e t r i c  
power { s i rq l e - eng ine )  c 7 n d i t i o n s  s 2 e c f f i e d  by t h e  N A C k  and 
A r m y  Afr Forcer;: 

1, The d i r e c t i o n  a f  r o t a t f o n  of t h8  o p e r a t i n g  p r o -  
pel1t . r  had. am I m p o r t m t  effect; upoii t h e  asymmetric power 
t h a t  cou ld  be  ba lanced  by  a ~ifiveln v e r t i c a l - t a i l  des ign .  
3fnpIe  v e r t i c a l  t a l l s  wsi-e mQzt ef l ' ec t ive  vvhen t h e  oper-  
a t i n g  p r o p e l l e r  was r a t s t l n g  1nboard.. Twin t a i l s ,  h3wever, 
were m s t  e f f p c t l v e  when the  QperatLng p r o p e l l e r  was 
r 3 t a t f n g  outbaard.  

2. An %il-mQvable v e r t i c a l  tsfi of z s p e c t  r a t i o  3 
witk  a l f n k e d  tab  w i i s  m r e  e f f e c t i v e  tha-., t h e  convent iona l  
t a i l  o f  the  same a s p e c t  rat13 and equa l  a r ea  i n  ba l anc ing  
asymmetric 2o'ir;er, p a r t i c u l a r l y  when t h e  rudders  were f r e e ,  
The a l l -novab le  t a i l  was markedly superior t o  the con-. 
ventfona; v e r t i c a l  t a i l  o f  norrnal a s p e c t  r a t i o  (1.5}. 

3 .  The s i n g l e  v e r t l c a l - t a i l  desfqn? g e n e r a l l y  ba lanced  
a g r e a t e r  - amoiint of a s p n e t r i c  power t han  t-nrin v e r t i c a l  
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ta:?,IP of  thi: Farce nepect  r a t i o  and equa l  a r c a ,  p a r t i c u l a r l y  
w l i e r r  ti25 rudder  wj.5 f r e e .  A t  smal l  a n s l e s  o f  s i d e s l i p ,  
however,, i t  wss po2siblc t o  ba lance  more poxer by iw2der 
d e f l e c t t o n  of' t he  twfn t a i l s  t h a n  by rudder d e f l e c t i m  
Df a s i n g l e  t a i l . ,  

I 4 ,  Incpe&siriC the aepec-t r a t f o  of a. v e r t i c a l  t a i l  
r e su l t rd  i n  fnc reas i r ,g  i t s  t r l r m i n g  e f f e c t i v e n e s s  under 
asymmei;i?fc potvrr c9nditions by an  amount p r a p o r t i o n a l  t o  
t h e  acc9inpanylqz i n c r e a s e  i n  l i f t - c u r v e  s l o p e ,  

5. The t r ixx j -ng  e f f e c t i v e z e s s  of the v e r t i c a l  t a i l  
s u r f a c e  Sncrecrised altmst l i n e a r l y  w i t 5  the v e r t i c a l - t a i l  
area. Inc r ea s ing  x e d e r  def1c:ctfom and ?udder chord i n -  
c r e a s e d  the  trimn1:ig e f f e c t i v e n e s s  a f  t h e  v e r t i c a l  t a i l  
under asymnetr ic  c;ncit ionF a t  a d e c r e a s i r g  rate. 

6 *  Khen t h e  . y l ~ t ' d ~ ~  w c s  free, a d d i t l o n  a f  d o r s a l -  
and ven t - a l - f i n  area:! i n c r e a s e d  t h e  c a p a c i t y  of  t he  
vzr t l .c?- l  t a i l  sc i r f3ccs  t o  ba l aace  asgimetric-power e f f e c t s  
a t  incJGerate anples of s f d e F l i p .  
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TABLE I.- INDEX TO FIGURES 

lRl6ht propeller operative. 

z G d b M ~  t o a k d  pp. t a l l  alone, dorsal a, dorsal and rent-1 a, rent- a. dorsal 'b. 
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24 
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25 

26 

24 

NACA Rudder 2 , 3 ,  ------- --------do--------- bhp aga ins t  $ Do. 
(Rudder free) f r a e  6 

NACA ( P O o )  Rudder 5, 7 ------ ------- Outboard bhp aga ins t  0, Comparison o f  a l l -  
Amy (@=lao) f i x e d  movable and con- 

vent ional  t a l l  

NAC A Rudder 5 ,  7 ------- --------do--------- bhp aga ins t  $ Do. 
(Rudder ired free 

T a i l  load I l l u s t r a t i v e  of ----_------ --------- ---- ------ --..-..-- --------------..-....- aga ins t  it p r i n c i p l e  of all- 
movable tal 1 

----------- --------- ---- ------ ------- Inboardandoutboard T, aga ins t  ba Aileron def lec t ions  
required t o  t r i m  

TABLE I. - INDEX TO FIGURES - Concluded 

Operatlng-propellei 
r o t  a ti on1 

d o r m 1  A u¶& 

Curve Remarks 

Tc aga ins t  p E f f e c t  of dorsal-  
and ven t ra l- f in  
a r e a  

T, agalnbt  p Do. 

Tc aga ins t  p Do. 

T, aga ins t  p Do. 

T, aga ins t  p Do. 

TC aga ins t  p Do. 

NATIONAL ADVISOKY 
COWITTEE FOR AERONAUTICS 
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F i g .  1 

F i g u r e  1.- Test model  mounted  on  t r i m  s t a n d  i n  L a n g l e y  
I "  free-  f l i  gh t t u n n e l .  
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N A C A  AXX No. L 5 A 1 3  F i g .  4 

F i g u r e  4.  - Twin- engine  model  o f  B- 2 8  a i r p l a n e  u s e d  i n  t r i p  
t e s t s  i n  L a n g l e y  f r e e - f l i g h t  t u n n e l .  
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Tail 7 

figure 5. -Plan-fOrm and dimensional choracteriiitiks OF Seven 
vertical Lails tested on a 1/20 -scale model of Q 
twin-engine aCl/rpmx 
tunnel. 
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